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osting by EAbstract Purpose: To correlate the relationship of the degree of external, middle and inner ears
abnormalities and the degree of dysplasia of the auricle (microtia).
Methods: We used high-resolution CT, with axial and coronal 1-mm contiguous sections to exam-
ine the temporal bones of patients with microtia.
Results: In cases of type II and III microtia, bony atresia of the external auditory canal was pre-
dominant. The degrees of middle ear malformations and ossicular dysplasia were correlated with
the severity of the auricular anomalies. Inner ear changes were uncommon.
Conclusion: Microtia is commonly associated with a variety of external, middle, and, less fre-
quently inner ear abnormalities. High-resolution multiplanar CT scanning is the primary imaging
modality of choice in the preoperative evaluation of patients with microtia and external auditory
canal dysplasia.
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The middle and external ear develop from the mesodermal 1st
and 2nd branchial arches and the endodermal 1st pharyngeal
pouch between the 4th and 30th weeks. Developmental anom-
alies of the 1st pharyngeal pouch lead to disturbances of the
eustachian tube and tympanic and mastoid pneumatization
(1). Failure of differentiation of the 1st branchial arch leads
to malformations of the incudomalleal joint, tensor tympani
muscle and mandible. Failure of differentiation of the 2nd
branchial arch affects the facial nerve canal, the stapedius mus-
cle, the lower part of the ossicular chain, and the styloid pro-
cess. Disorders of the 1st and 2nd branchial arches also result
in dysplasia of the auricular cartilage (2). Opening of the bony
Table 1 Sex of 55 patients with microtia.
Sex Bilateral Unilateral Total
Right Left
Male No. 14 13 15 42
Female No. 4 7 2 13
Total 18 20 17 55
454 M.H. Abowarda, W.F. Nasrpart of the external auditory canal starts in the 30th week, after
complete differentiation of the inner, middle, and outer ear (3).
Failure of the epithelial cells of the ﬁrst branchial groove to
split causes stenosis or atresia of the external auditory canal,
which may be an isolated anomaly (4). Anomalies of the inter-
nal carotid artery are thought to be caused by maldevelopment
of the 3rd branchial arch during the 4th week (5). The most
frequently encountered developmental abnormality of the
external ear is microtia. The incidence of microtia has been
estimated to be approximately one in 10,000 births (6). Bilat-
eral microtia is observed in 10% of affected patients (7). The
classiﬁcation of auricular deformities was described by Waree-
da (8). Microtia is often associated with anomalies of other or-
gans as a result of genetic disorder, chromosomal defects,
intrauterine infection or environmental teratogens. Surgery
for congenital aural atresia is one of the most difﬁcult ear oper-
ations, as it requires reconstruction of the auricle, often done
by using grafts of skin and rib cartilage and if necessary, dril-
ling a new auditory canal and reconstructing the ossicular
chain (9). Microtia can be repaired by the age of 10 years by
a plastic surgeon, and hearing can be improved by means of
external canal and ossicular reconstruction between the ages
of 5 and 12 years by an otologic surgeon (10). As most patients
with microtia have aural atresia and middle ear anomaly, thin-
section CT is the preferred technique for preoperative evalua-
tion. There are several reports on the usefulness of thin-section
CT for preoperative planning in patients with congenital aural
atresia (11). Facial nerve injury is the most substantial compli-
cation after surgery, thus, it is essential to determine preoper-
atively its course in these patients. The facial nerve has been
reported to be more laterally and anteriorly displaced in these
patients (12). Staging by CT is necessary to avoid the risk of
facial nerve lesions, worsening of hearing, bleeding, and to ob-
tain a valid prognosis of success (12). For determining good
surgical candidacy, Jarhsdoerfer et al. (13) developed a grading
system based on preoperative ﬁndings in temporal bone
HRCT and appearance of the auricle. This CT scoring system
consists of nine parameters related to temporal bone anatomy.
The presence of a well-deﬁned stapes scores 2 points, whereas
all other parameters are assigned 1 point each. A presurgical
rating of 8 points or more translates into an 80% chance of
restoring hearing to near-normal levels (13). This grading sys-
tem allows accurate prediction of the surgical outcome, and
patients with scores less than 6 are considered unsuitable for
surgical correction. Patients with an atretic oval window are
not considered candidates for surgical repair (14). The vertical
oval window diameter should measure at least 1 mm (14).
2. Subjects and methods
Our study included 73 ears of 55 patients with microtia. Their
ages ranged from 2 to 12 years. They were 42 male and 13 fe-
male patients, who were referred from the ENT Department to
the Radiology Department at Zagazig University hospitals be-
tween May 2007 and January 2009. All the patients underwent
HRCT examination of the temporal bone in both axial and
coronal planes, using single-detector row CT (GEMedical Sys-
tem, Hi Speed). Scans were acquired in the helical mode to re-
duce motion artifacts. Scanning parameters were 120 kV,
180 mA s, 1-mm section thickness, 1-mm collimation. Axial
scans were acquired parallel to the orbital roof. The coronal
scans were acquired perpendicular to the axial images. Allimages were displayed at a window level of 400 HU and a win-
dow width of 4000 HU. The images were reconstructed with a
bone algorithm. We used a classiﬁcation described by Wareeda
(8) as follows: ﬁrst-degree dysplasia: prominent ear, absence of
the upper helix, and absence of the tragus. Second-degree dys-
plasia: cup ear deformity and mini-ear. Third-degree dysplasia:
absence of normal auricular structure. The anomalies of the
temporal bone were graded according to the CT scoring sys-
tem used by Jahrsdoerfer et al. (13). The distribution of param-
eters of the CT scoring system was examined in relation to the
grade of microtia. We also evaluated the correlation between
the CT scoring and Wareeda classiﬁcation. For correlational
analyses, Spearman nonparametric rank correlation coefﬁcient
was calculated for Wareeda classiﬁcation and total scores of
the CT scoring. We evaluated the following structures: (1)
the external auditory canal for stenosis or atresia of the carti-
laginous part of the auditory canal, stenosis or atresia of the
bony part, thickness of the atresia plate (smallest dimension
at the level of the hypotympanum). (2) Dysplasia or defects
of the temporal bone, zygomatic bone, and mandibular con-
dyle. (3) Vascular structures such as the carotid canal, sigmoid
sinus, and jugular bulb were looked at for dehiscence or aber-
rant course. (4) The eustachian tube. (5) Congenital or second-
ary cholesteatoma or epidermoid. (6) The extent of the middle
ear cavity. (7) Diminution, dysplasia, and absence of the ossi-
cles. (8) Oval windows open or closed; ﬁstula. (9) Cochlear
turns, vestibule, semicircular canals, aqueducts. (10) The inter-
nal auditory canal and facial nerve canal: aberration, dehis-
cence, hypoplasia, and thickening, splitting.
3. Results
In our study, bilateral microtia were found in 33% of the cases
included. The distribution according to the side and sex is gi-
ven in Table 1. Type III microtia were the most common type
followed by type II microtia in both genders (Table 2). Male
patients were predominant in our sample. Moreover, there
was no signiﬁcant difference in the severity of microtia between
male and female patients.
3.1. Auricular dysplasia
Auricular deformities were often visible on CT scans. CT ﬁnd-
ings were compared with the clinical appearance of the auricle.
About 16% of the microtic ears (12 eras) were classiﬁed as:
type I dysplasia, 34% had second degree (25 ears) and 50%
had type III dysplasia (36 ears).
3.2. External auditory canal
The degree of external auditory canal dysplasia were directly
correlated with the degree of microtia. Eighty-six percent of
Table 2 Distribution of microtic ears according to Wareeda
classiﬁcation.
Sex Type I Type II Type III
Male No. 8 20 28
Female No. 4 5 8
Total 12 25 36
Fig. 2 Bilateral bony atresia with rudimentary slit-like meso-
tympanic spaces.
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thick atretic plates (Figs. 1 and 2). In patients with grade II
microtia, 65% of cases (16 ears) had abnormal external audi-
tory canal. Ten ears had bony atresia and (6 ears) had soft tis-
sue atresia with stenosis of the bony canal. Stenotic auditory
canals were seen more angulated, sloping from inferolateral
to superomedial. They had a tympanic mass of solid tissue
or fat density. In 35% (8 ears) had normal external auditory
canal. Also, the degree of dysplasia of mastoid process of tem-
poral bone was correlated with degree of auricular dysplasia.
Three ears with type III microtia (8%) had dysplasia of the
mandibular condyle.
3.3. The tympanic space
There was partial or complete reduction of pneumatization of
the middle ear cavity in 11 ears in patients with III microtia
(30%) and in 4 ears (16%) in patients with type II microtia.
In all patients with type I microtia, the middle ear cavities were
well developed. The degree of decreased pneumatization corre-
lated with the degree of anomalies of the external ear (Fig. 2).
The bony eustachian tube had normal appearance in cases of
type I and II microtia. It was dysplastic in 15% of type III
microtia (5 ears). The size of the middle ear cavity correlated
with the degree of obliteration of the external auditory canal
(Fig. 2).
3.4. The ossicular chain
In our patients, abnormalities of the ossicles consisted of, dim-
inution in size, arthrodesis, or complete absence. In type IIFig. 1 Left side atresia and formation of an atretic plate. Tissue
expander is seen on left side.microtia, two ears showed malleus/incus fusion (8%). In type
III microtia, two ears showed absence stapes (8%) and 10 ears
(28%) showed malleus/incus fusion (Figs. 2 and 3). In one ear
in type (II) microtia (4%) and 4 ears in type (III) microtia
(11%), the ossicles were absent.
3.5. Oval window
Congenital absence of the oval window was diagnosed most
readily on the coronal CT scans. Coronal images best delineate
the size and shape of the oval window. Axial images also delin-
eate the round window and are most useful for assessing the
status of the stapes. In one ear of (type II) and 4 ears of type
III microtia, there was complete osseous obliteration of the
oval window. A patent round window is essential for membra-
nous wave transmission of the cochlea (Figs. 4 and 5).
3.6. Facial nerve canal
The course of the facial canal was often abnormal in patients
with microtia. Anomalies of the facial nerve affects theFig. 3 Fusion and adherence of the incudomalleal joint.
Fig. 4 Normal anatomy of oval window on coronal CT scans.
V (vestibule), C (cochlea), S (lateral semicircular canal), black
arrow (oval window), arrowhead (facial nerve canal), white arrow
(incudal-stapedial articulation).
Fig. 5 Coronal CT scan shows closed oval window (arrow).
Fig. 6 Aeration of atresia plate with lateral displacement of
descending facial nerve passing along atresia plate on left side
(arrow).
Fig. 7 The horizontal facial nerve canal is low in position,
passing below the level of oval window (arrow).
Fig. 8 Bony atresia of external auditory canal, dilated vestibular
aqueduct (3 mm).
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ment. In 2 ears of type (I) microti (16%) and, in 14 ears of type
II (20%) and III microtia (25%), the canal ran in an abnormal,
inferior plane at the level of the oval window or just below it
(Figs. 6 and 7). The mastoid segment of the facial nerve in ﬁve
patients with type III microtia (14%) was displaced more ven-
trally. Also, the mastoid segment was displaced laterally. The
mastoid segment was ventrally displaced in 2 ears with type
II microtia (8%).
3.7. Labyrinth
The inner ear appeared normal except in one ear (3%) in pa-
tients with type III microtia. The vestibule was abnormal.
Three cases showed widening of the vestibular aqueduct
(Fig. 8).
3.8. Temporal bone vessels
The carotid canal was abnormal in one ear with type II micro-
tia (4%). It was seen as hypoplastic. The severity of the
Patients with dysplasia of the auricle and external ear abnormalities: Evaluation of the temporal bones 457anomalies did not correspond with the degree of microtia as
they were normal in type III microtia. No dehiscence into
the middle ears was detected. The sigmoid sinus and jugular
vein showed normal course, and no dehiscence into the middle
ear was seen.
3.9. Internal auditory canal
The internal auditory canals were dysplastic in one ear with
type III microtia and in one ear with type II microtia. They
had an inclined course from craniomedial to caudolateral.
Table 3 demonstrates the distribution of parameters of the
CT scoring system in relation to the grade of microtia.
In our study, we found that the better developed auricles
have better developed middle ear spaces that are more suitable
for surgery. For comparison between microtia grades, one-way
analysis of variance showed a signiﬁcant difference between
mean values by grades (P= .03), and Sheffe test, for multiple
comparison, showed a signiﬁcant difference between grades I
and III (P= .02). The differences between the other pairs
(grades I and II, P= .23; grades II and III, P= .91) failed
to reach statistical signiﬁcance. Only the sum points of aera-
tion of the middle ear correlated signiﬁcantly with the microtia
grade. One-way analysis of variance for intergrade comparison
revealed signiﬁcant difference only with sum points regarding
aeration (P= .02) and not with sum points regarding ossicles
(P= .29) or windows (P= .34). In the intergrade comparison
for sum points regarding aeration, the Sheffe test showed sig-
niﬁcant difference only between grades I and III (P= .03) but
not between the other pairs (grades I and II, P= .22; grades II
and III, P= .96). These results indicate that the difﬁculty of
ossicular reconstructive surgery, which is closely related to
the existence of oval/round windows and deformity of ossicles,
does not necessarily depend on the microtia grade.
4. Discussion
Congenital conductive hearing loss is a far less common entity,
and must necessarily be due to a developmental anomaly of the
ear along the conductive pathway from the external auditory
canal to the oval window. External canal atresia or stenosis
accounts for most cases of congenital conductive hearing loss,
with only a small percentage of cases caused by isolatedTable 3 Distribution of each parameter of the CT scoring system.
Parameter Assigned point
Related to the ossicles
Stapes present 2
Malleus/incus complex 1
Incudosapedial connection 1
Windows connections to cochlea
Oval window open 1
Round window 1
Related to aeration of middle ear
Middle ear space 1
Mastoid pneumatization 1
Facial nerve 1
External earl present 1dysplasia of the ossicular chain and or the oval window (15).
Microtia has been reported to occur predominantly in males
(16). The ﬁndings of the present study were similar to the
aforementioned data (male–female ratio: 4:1; incidence of
bilateral case, 32%; and incidence of right-sidedness in unilat-
eral cases, 54%). The severity of microtia was not different be-
tween unilateral and bilateral cases. A previous study reported
that the average atresia score according to CT grading system
correlates with the severity of microtia (17). Similarly, in our
patients, total points of the CT scoring system correlated in-
versely with the severity of microtia. Our study indicates that
auricular development correlated signiﬁcantly with the aera-
tion in the middle ear spaces but not with the ossicular devel-
opment or formation of the oval/round window. Differences in
correlation among speciﬁc components may reﬂect differences
in their origin during development. Takegoshi and colleagues
(18) performed a similar study on patients with mandibulofa-
cial dysostosis and found a positive correlation between attic
formation and microtia severity. The antrum and the mastoid
air cells were absent in the patients with mandibulofacial dys-
ostosis. In our study, the mastoid air cells were not necessarily
absent. The mastoid pneumatizations were 85% in grade I,
62% in grade II, and 63% in grade III in patients with micro-
tia. Microtia is usually accompanied by atresia or stenosis of
the external auditory canal (EAC). Abnormal EACs can be
classiﬁed into three types: almost normal; narrowing of the
ﬁbrocartilaginous canal, and narrowing and tortuosity of both
the ﬁbrocartilaginous and the bony parts of the canal. Surgical
reconstruction of the EAC and ossicular chain is much easier
when the EAC is present as it acts as a landmark to reach
the tympanic cavity more safely. The presence of EAC corre-
lated signiﬁcantly with the microtia grade (P< .001). The
facial nerve has been reported to show abnormal lateral and
anterior displacement in patients with microtia. However,
few investigators report quantitative objective evidence indi-
cating that in patients with congenital aural atresia, the facial
nerve runs more laterally and anteriorly than that in control
subjects (19). A variety of pathologic changes associated with
microtia can be detected by high-resolution CT. Ventral dis-
placement of the dorsal tympanic wall leads to a deep tym-
panic sinus. The chorda tympani then courses lateral to the
atresia plate. These changes corresponded to the severity of
microtia and atresia. In some cases of ventral displacement
of the mastoid segment and severe microtia, the facial nerveWareeda Classiﬁcation %
I II III
100 96 83
100 88 61
95 88 78
100 96 89
100 96 89
84 82 70
85 62 63
84 80 75
58 35 14
458 M.H. Abowarda, W.F. Nasrcanal turned anteriorly or, less commonly, laterally, leaving
the temporal bone to the temporomandibular articulation in-
stead of continuing downward toward the stylomastoid fora-
men. This ﬁnding corresponded to the observations of
Tanghe (2). Ventral displacement of the mastoid segment
might be caused directly by hypoplasia of Reichert’s cartilage
and the ventrally migrated mastoid, as described by Tanghe
(2). Our results were going with previously mentioned results
as the tympanic portion of the facial was displaced inferiorly
at or below the round window, Also, the mastoid segment
was displaced laterally. Dehiscence of the tympanic segment
was also a CT ﬁnding and this ﬁnding corresponds to the cases
reported by Ishimoto (20). Jahrsdoerfer (13) reported that the
facial nerve at the level of the round window in patients with
aural atresia may be as much as 4 mm more lateral compared
with its position at the round window in subjects with normal
ears. In our study, abnormalities of the stapes, oval window,
and tympanic segment of the facial nerve canal were less fre-
quent and not signiﬁcantly associated with the severity of
auricular malformations. The derivates of the otocyst, such
as the round window and labyrinth, were rarely affected.
The cochlea appeared normal in our cases. In Jahrsdoerfer’s
series of 51 ears (13), 76% of the patients with congenital ab-
sence of the oval window had malformation of the facial nerve
canal; in 12% the canal was normal and in 12% morphology
was not mentioned. In Lambert’s series (21), four of seven fa-
cial nerve canals were abnormal. The most common abnormal-
ities encountered in these surgical reports were low-lying
canals running within the region of the oval window and
grossly dehiscent canals, similar to the ﬁndings in our series.
Less commonly reported were stapes embedded within a dehis-
cent facial nerve, an absent horizontal facial nerve canal with a
large chorda tympani presumed to be carrying all the facial
nerve ﬁbers, a hypoplastic facial nerve, a bifurcated horizontal
canal, and a persistent stapedial artery (21). As in the report by
Tanghe (2), we found few changes in the labyrinthine segment
of the facial nerve canal. Severe dysplasias of the internal audi-
tory canal are also rare. Only a few reports concern internal
auditory canal abnormalities in the setting of microtia (22).
Anomalies of major vessels were also uncommon in our study
and did not correlate with the severity of microtia. Also, hypo-
plasia of the carotid canal is uncommon and is more often uni-
lateral. The carotid canal may be elongated into the middle ear
and may result in an enlargement of the tympanic segment of
the facial nerve canal. This is caused by the persistent stapedial
artery, which leads to the medial meningeal artery (3). Hypo-
plasia or aplasia of the carotid canal is rare and is more com-
mon to be unilateral. It may be associated with intracranial
aneurysms and neurovascular compressive symptoms due to
compensatory vertebral artery ectasia (23). In conclusion, the
principle ‘‘the better developed the auricle, the better devel-
oped middle ear’’ was conﬁrmed in Japanese cases of microtia;
however, even with grade III microtia, more than half of the
patients were acceptable candidates for atresia surgery. Auric-
ular development correlates signiﬁcantly with aeration in the
middle ear spaces.
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